The determinant(s) of gonococcal resistance to killing by human polymorphonuclear (PM N ) phagocytes appear to be present in outer membrane vesicles (OMV) purified from lithium chloride extracts of Neisseria gonorrhoeae strain BS4 (agar) by wheat germ agglutinin (WGA) affinity chromatography. OMV neutralized the ability of antisera raised against whole gonococci to drastically reduce the capacity of strain BS4 (agar) to survive within PMN phagocytes. Furthermore, analysis by SDS-PAGE of OMV/WGA precipitates from lithium chloride extracts of strain BS4 (agar) and strain BSSH, which was more susceptible to phagocyte killing than strain BS4 (agar) and yielded OMV with poor antiserum-neutralizing activity, suggested that three proteins were associated with resistance to phagocyte killing.
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I N T R O D U C T I O N
The capacity of Neisseria gonorrhoeae strain BS4 (agar) to survive within human polymorphonuclear (PMN) phagocytes was drastically reduced by prior treatment with antiserum to whole gonococci (Veale et al., 1978; Parsons et al., 1981) , but not if the antiserum was absorbed with surface washes of strain BS4 (agar) (Parsons et al., 1981) . This implied that the washes contained a component that determined resistance to killing by PMN phagocytes. The fact that surface washes of a phagocyte-susceptible strain (BSSH) had far less neutralizing activity (Parsons, et al., 198 1) supported this view. The putative determinant of intracellular survival was not pili; pili purified from the surface washes were unable to neutralize the antiserum raised against whole gonococci and antisera raised against pili did not promote intracellular killing. On the other hand, removal of outer membrane vesicles (OMV) from surface washes by precipitation with wheat germ agglutinin (WGA) abolished the antiserumneutralizing activity. Also, antisera raised against the OMV/ WGA precipitates promoted intracellular killing. Thus, the putative determinant responsible for resistance to intracellular killing appeared to lie in the OMV. This paper describes the biological activity of OMV purified by affinity chromatography on immobilized WGA (Perera et al., 1982) from lithium chloride extracts of strain BS4 (agar) and the strain BSSH. There appears to be an association of three proteins in the OMV of strain BS4 (agar) with resistance to killing by PMN phagocytes.
M E T H O D S
Neisseriu gonorrhoeae, strains BS4 (ugur) and BSSH. Storage, culture and counting were as described previously (Parsons et al., 1981) .
Extraction qfcrude OMV with lithium chloride. Gonococci (10' ml-l) grown on AG agar (Penn et al., 1976) for 22 h at 37 "C, were suspended in Trypticase Soy Broth (Baltimore Biological Laboratories) containing lithium chloride (1 M). Suspensions (50 ml) were agitated in 100 ml Erlenmeyer flasks with glass beads (3 mm diameter, 2 beads ml-l) on a rotating platform (60 r.p.m.) for 1 h at 37 "C. After removal of cells by centrifugation (15000 g, 30 min at 4 "C), OMV were pelleted (lOOOOOg, 1 h at 4 "C) and resuspended in the same volume of phosphate buffered saline (Penn et al., 1976) as that of the original cell suspension (10" gonococci ml-l).
Complexes of OMV with WGA. Suspensions of crude OMV were mixed with an equal volume of phosphate buffered saline containing WGA (1 mg ml-I). After standing on ice for 30 min, the flocculent OMV/WGA complexes were centrifuged (3000 g, 15 min, room temperature) and resuspended in phosphate buffered saline to one-fifth the volume of the original suspensions of gonococci (i.e. equivalent to 5 x 10' organisms ml-I).
Purlfication of OMV by WGA aflnity chromatography. WGA (150 mg), partially purified from wheat germ (Bloch & Burger, 1974) was coupled to cyanogen bromide-activated sepharose 4B (10 ml swollen gel; Pharmacia) (Perera et al., 1982) . Crude OMV were applied to columns of this material and purified OMV were then eluted and collected by centrifugation (100000 g, 1 h at 4 "C) as described by Perera et at. (1982) . The pellet was resuspended in phosphate buffered saline at a concentration equivalent to 5 x 10" gonococci rn1-I.
Estimation of 2-keto-3-deoxyoctonate and protein in OMV/ WGA complexes. The methods of Karkhanis et al. (1978) and Lowry were used with standards of 2-keto-3-deoxyoctonoic acid and bovine serum albumin (Sigma), respectively. Results were given as kg 2-keto-3-deoxyoctonate or pg protein ml-l of a suspension of the OMVjWGA complexes equivalent to 1 x 10' gonococci ml-l.
SDS-PAGE. The method of Laemmli (1970) (1981) . Antiserum was used to treat gonococci before phagocytosis tests (Parsons et al., 1981) .
Test for resistance of gonococci to killing by humanphagocytes. This test was described by Parsons et al. (1981) . The results are expressed as the percentage of the visible cell-associated gonococci (the product of the phagocytic index and the total number of phagocytes) which were viable.
RESULTS
Preliminary experiments indicated that the active component in surface washes used in previous studies (Parsons et al., 1981) was OMV. OMV/WGA complexes obtained by precipitation from the 20000g supernatants of surface washes (Parsons et al., 198l) , when dispersed by ultrasonic treatment were able to neutralize the capacity of antisera against BS4 (agar) to promote intracellular killing. It was shown that OMV could be purified from either surface washes or lithium chloride extracts by WGA affinity chromatography, and that preparations derived from the lithium chloride extracts had greater antiserum-neutralizing activity. For these experiments, a single suspension of gonococci was divided into two portions; one was surface washed and then centrifuged at 20000g (Parsons et al., 1981) before affinity chromatography, and the other was extracted with lithium chloride before affinity chromatography .
Antiserum-neutralizing activity of OMV purijied by WGA afinity chromatography from lithium chloride extracts of strains BS4 (agar) and BSSH The results in Table 1 show that purified OMV from strain BS4 (agar) neutralized to a considerable extent the ability of antiserum to promote intracellular killing of BS4 (agar), but similar preparations from strain BSSH, which is susceptible to killing by phagocytes, had little antiserum-neutralizing activity. These experiments, which were done prior to analysis of the outer membrane proteins in OMV prepared from BS4 (agar) and BSSH (see below), yielded results similar to those obtained when the surface washes and 20000g supernatants of BS4 (agar) and BSSH were compared for antiserum-neutralizing activity (Parsons et al., 198 1) . Figure 1 shows SDS-PAGE of OMV/WGA complexes prepared from lithium chloride extracts of strains BS4 (agar) and BSSH. To enable comparison with tests for biological activity, the amount of material applied to the gel was related to standard suspensions of gonococci (10" ml-l). The suspensions from BS4 (agar) contained about twice as much 2-keto-3-deoxyoctonate and 1.5 times as much protein as those from BSSH (see legend to Fig. 1 ). The complexes from strain BS4 (agar) showed at least three protein bands in higher concentration than the corresponding complexes from strain BSSH. These are protein A (approximate molecular mass 35000 Dal) and proteins B and C (approximate molecular mass 47000 and 74000 Dal, respectively). Although bands B and C were weaker than band A (Fig. l) , their presence in the complexes of strain BS4 (agar) and their virtual absence from the complexes of strain BSSH was consistent for several experiments.
Comparison in SDS-PAGE of proteins present in OMVf WGA complexes prepared from lithium chloride extracts and surjace washes of strains BS4 (agar) and BSSH

DISCUSSION
The results described here confirm previous indications (Parsons et al., 1981) that the putative determinant of gonococcal resistance to killing by phagocytes lies in the outer membrane complex. After preliminary studies had shown that extraction of OMV by lithium chloride was a better method of obtaining biologically active material than the previous use of surface washes (Parsons et al., 1981) , OMV from the resistant strain BS4 (agar) were extracted . SDS-PAGE gels of OMVIWGA complexes prepared from lithium chloride extracts of strain BS4 (agar) (lanes 1, 2 and 3) and BSSH (lanes 4, 5 and 6). The separating gel was 12.5% (w/v) acrylamide. The amount of material applied to the lanes for each OMV/WGA preparation was equivalent to 31 yl of the standard concentration of gonococci (10' ml-I) and to twice and four times that amount. The 2-keto-3-deoxyoctonate and protein concentrations of the undiluted preparations were 1 1.8 and 1533 pg ml-' , respectively, for the complexes from BS4 (agar) and 6.0 and 933 pg ml-', respectively, for the complexes from BSSH. Some of the protein originated from the WGA, but at most accounted for < 3% of total protein. Protein bands (A, B and C) associated strongly with strain BS4 (agar) and less so with strain BSSH are marked. The overloading of protein A in preparations from BS4 (agar) was necessary to reveal proteins B and C in the same gel lane.
by lithium chloride, purified by the novel method of Perera et al. (1982) using WGA affinity chromatography, and shown to neutralize to a considerable extent the ability of antiserum against whole gonococci to promote intracellular killing of strain BS4 (agar) . Purified OMV from the phagocyte-suscepti ble strain BSSH had little antiserum-neutralizing activity.
A comparison was made between the OMV/WGA complexes from lithium chloride extracts of strains BS4 (agar) and BSSH as regards proteins revealed by SDS-PAGE. To allow direct comparison with biological activity, the complexes were examined in amounts equivalent to the standard concentration of gonococci (10" mi-*) used for the preparations examined in the phagocytosis tests. Any conclusions regarding association of proteins with biological activity must be drawn with caution because the phagocytosis test can reveal only large differences in activity (Parsons et al., 198 1) . Nevertheless, some associations were sufficiently marked to warrant attention. Three proteins (A, B and C ; Fig. 1 ) were present in higher concentrations in the OMV from the resistant strain BS4 (agar) than in corresponding preparations from the susceptible strain (Fig. 1, Table 1 ). Protein A (approximate molecular mass 35000 Dal in preparations heated with SDS at 100 "C for 3 min; see Methods) could be designated a protein I1 type (EMBO Workshop, 1980) . Proteins B and C have much higher molecular masses. The relation of protein A to the various proteins that have been associated with aspects of virulence other than resistance to phagocyte killing (Brooks et al., 1978; Lambden et al., 1979) and with survival in guinea pig subcutaneous chambers (McBride et al., 1981) will be investigated only if it proves to be the determinant of intracellular survival.
It is remotely possible that proteins present in the OMV from BSSH and not to the same extent in the OMV from BS4 (agar) (Fig. 1 ) may be connected with the increased susceptibility of BSSH to killing by phagocytes. However, this possibility will be investigated only if one of proteins A, B or C does not prove to be the putative determinant of resistance to killing by p hagocytes.
